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Abstract 

The sexual dimorphism of antennal sensilla in three species of 
Mantodea Mantidae {Mantis religiosa religiosa , Iris oratoria , 
Rivetina baetica tenuidentata) has been studied with scanning 
electron microscope. Six sensillum types exist on the flagellum in 
both sexes of all species: multiporous sensilla coeloconica subtype 
I, multiporous sensilla coeloconica subtype II, multiporous sensilla 
trichodea subtype I, multiporous sensilla trichodea subtype II, 
aporous sensilla chaetica and uniporous sensilla chaetica. Two 
types are present only in one or two species: multiporous sensilla 
basiconica in I. oratoria , multiporous sensilla coeloconica subtype 
III in M. religiosa and 7. oratoria. Aporous sensilla chaetica and 
aporous Bohm’s sensilla are borne by the scape and the pedicel. Two 
distal circles of sensilla campaniformia are present on the pedicel. 
The sexual dimorphism concerns mainly the sensilla coeloconica 
subtype I which are present in large numbers in males (73-89%), 
unlike the females ( 12-51%), and the sensilla trichodea I and II, 
more numerous in females (39-83%) than in males (7-20%). An 
olfactive function, receptive of the sex pheromones is assigned to 
sensilla coeloconica I. Sensilla trichodea I, II and sensilla basiconica 
are olfactory receptors. Aporous sensilla chaetica are tactile. A 
terminal vesicle, unique among the Insects, is present in both sexes 
of the three species; it is probably a glandular structure capable of 
secreting a substance identifying sexual partners of the same species. 
Uniporous sensilla chaetica, with a gustative function, could react to 
this presumed substance. 

Key words: Mantodea, Praying mantids, Mantis , Iris, Rivetina , 
antenna, sensilla, sexual dimorphism, terminal vesicle. 


Resume 

Le dimorphisme sexuel des sensilles antennaires chez trois 
especes de Mantoptera Mantidae {Mantis religiosa religiosa , Iris 
oratoria , Rivetina baetica tenuidentata) a ete etudie a l’aide du 
microscope electronique a balayage. Six types sensillaires existent 
sur le flagellum des deux sexes de toutes les especes: les sensilles 
coeloconiques multipores de sous-type I, les sensilles coeloconiques 
multipores de sous-type II, les sensilles trichoi'des multipores de 
sous-type I, les sensilles trichoi’des multipores de sous-type II, les 
sensilles chetiformes sans pore, les sensilles chetiformes unipores. 
Deux types sont presents seulement dans une ou deux esp&ces : 
les sensilles basiconiques multipores chez 7. oratoria , les sensilles 


coeloconiques multipores de sous-type III chez M. religiosa et 
7. oratoria. Les sensilles chetiformes sans pore et les sensilles 
de Bohm sont portees par le scape et le pedicelle. Deux cercles 
distaux de sensilles campaniformes sont presents sur le pedicelle. 
Le dimorphisme sexuel conceme essentiellement les sensilles 
coeloconiques I presentes en grands nombres chez les males (73- 
89%) contrairement aux femelles (12-51%) et les sensilles trichoi'des 
I et II plus nombreuses chez les femelles (39-83%) que chez les 
males (7-20%). Une fonction olfactive, receptrice des pheromones 
sexuelles, est attribute aux sensilles coeloconiques I. Les sensilles 
trichoi'des I, II et les sensilles basiconiques sont olfactives. Les 
sensilles chetiformes sans pore sont tactiles. 

Une vesicule terminale, unique parmi les Insectes, est presente dans 
les deux sexes des trois especes ; c’est probablement une structure 
glandulaire susceptible de secreter une substance de marquage des 
partenaires sexuels d’une meme espece. Les sensilles chetiformes 
unipores, a fonction gustative, pourraient percevoir cette substance. 

Mots-clefs: Mantodea, mantes, Mantis , Iris, Rivetina , antenne, 
sensilles, dimorphisme sexuel, vesicule terminale. 


Introduction 

The antennal sensilla of Mantids have so far mainly 
been referred to in relation to their role in the reception 
of sex pheromones. Indeed, Robinson & Robinson’s 
experiments (1979) demonstrated that males of 
Acanthops falcata StAl, 1877 will fly toward virgin 
females in the pheromone-release posture even if visual 
cues are eliminated by a cloth partition between the 
males and the females. Similarly, males respond to 
pheromones in Sphodromantis lineola (Burmeister, 
1838) (Hurd et al., 2004). 

The first morphological study related to the antennae 
of Mantids was carried out by Slifer (1968) in Tenodera 
angustipennis Saussure, 1871 using light microscopy. 

The more recent scanning electron microscopic 
studies concerned antennal sensilla of the female 
of a Mantidae Mantinae, Sphodromantis viridis 
occidentalis (Werner, 1906), a species common in 
Morocco (Faucheux, 2006b) and of the male of a 
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Mantidae Oxyothespinae, Oxyothespis maroccana 
Bolivar, 1908, a species present in the Essaouira and 
Souss region (Faucheux, 2008). A brief paper revealed 
the abundance of a sensillum type, the "grooved pegs" 
in the male of Mantis religiosa religiosa (Linne, 1758) 
(Faucheux, 2005). A few sensilla types have been 
noted in two Australian species (Holwell et al., 2007). 
No study dealt both with the male and female of the 
same species. The present paper proposes to compare 
the sensory equipment of antennae in both sexes of 
the two species of Mantidae Mantinae: M. religiosa 
religiosa and Rivetina baetica tenuidentata La Greca 
& Lombardo, 1982, and one species of Mantidae 
Tarachodinae: Iris oratorio (Linne, 1758), all of which 
being common in Morocco. 


Material and methods 

The mantids (3 male and 3 female adults of M. 
religiosa, 2 male and 2 female adults of I. oratorio and 
R. baetica) were captured in July and August 2003 and 
2004 in the region of Essaouira (South West Morocco). 
For scanning electron microscope study (SEM), the 
heads were separated, dehydrated in absolute ethanol, 
mounted either on the ventral face or on the dorsal on 
specimen holders and coated with a thin layer of gold 
and palladium in a JFC 1100 sputter coater. Preparations 
were examined in a Jeol JSM 6400 SEM at different 
magnifications. The mean number of each sensillum 
type was calculated with SEM from the counts on every 
5 th flagellomere, and expressed as mean +/- SD. The 
terminologies of Schneider (1964), Zacharuk (1985) 
and Faucheux (1999, 2008) are used in naming the 
types of sensilla. 

Results 

A - Gross morphology of antennae 
The antennae in both sexes of the three adult species 
are long and filiform. The antennal length and the 
number of segments attain, for the male and the female 
respectively, in M. religiosa: 23 mm, 79 segments; 22 
mm, 74 segments; in/, oratorio: 16 mm, 81 segments; 
16 mm, 79 segments; and in R. baetica: 28 mm, 
125 segments; 21 mm, 113 segments. Each antenna 
comprises a scape, a pedicel, and flagellomeres (Fig.l). 
In all species, the scape is very long in comparison to 
the other segments (0.59 X 0.42 mm in M. religiosa) 
and is cylindrical (Figs. 1, 32). The pedicel is bulbous 
and slightly longer than it is wide (0.28 X 0.25 mm) 


and it articulates distally with the flagellum (Figs 1, 
33). The first flagellomere is distinguished by its length 
(325 pm) almost twice as long as the 10 th flagellomere 
(Fig. 1); present in all mantids and cockroaches and 
principal growth centre in larval antennae, it is called 
the meriston (Campbell & Priestley, 1970). The 
meristal flagellomeres are approximately flagellomeres 
2-5 which are the new segments which emerge from 
the meriston at each ecdysis (Fig. 1). They are easily 
recognized at the base of the antennal flagellum because 
they are shorter than the more distal flagellomeres and 
carry fewer sensilla. It is only from the 10 th flagellomere 
on that the segments acquire regular dimensions (325 
X 265 pm) which they maintain over two thirds of the 
antenna. On the other hand, the distal flagellomeres, 
325 pm long and 100 pm wide, are three times as long 
as they are wide. 

B - The different types of sensilla 
The flagellum of all species bears 6 types and subtypes 
of sensilla: multiporous sensilla coeloconica subtypes I, 
II and III, multiporous sensilla basiconica, multiporous 
sensilla trichodea subtypes I and II, uniporous sensilla 
chaetica, aporous sensilla chaetica. 

These sensillar types were observed in both sexes. 
Multiporous sensilla coeloconica subtype III and 
multiporous sensilla basiconica are present exclusively 
in one or two species. 

The scape and the pedicel possess aporous "Bohm" 
sensilla and aporous sensilla campaniformia. 

Approximately the first flagellomeres (the first ten in 
M.religiosa, for example) are poorly equipped in sensilla 
and especially in sensilla chaetica. A few morphological 
characteristics in the sensilla of M. religiosa are offered 
as examples in Table 1. The numerical data concerning 
the three species are in Table 2. 

1 - The multiporous sensilla coeloconica subtype I 
(MSCI) are grooved or fluted pegs with a thick wall 
located in a depression of the cuticle which measures 
from 8 to 10 pm in diameter (Fig. 9). Some sensilla are 
straight and others are variously curved; the tip is blunt 
and sometimes bulbous (Figs. 9-13). These variations 
exist both over the length of a single antenna and in 
different species. Their fairly constant length (Table 
1) can vary in the same species (Fig. 9). An ecdysial 
pore may sometimes be observed at the apex of the 
sensillum. The wall pores placed between the grooves 
are invisible in SEM. 

Apart from a few aporous sensilla chaetica present 
on the first flagellomeres, it is the MSC I which appear 
first in large numbers on the male flagella. For example, 
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Figs 1-13. - Antennal sensilla of Mantids. 1-4. Mantis religiosa ; 1. base of male antenna showing scape (S), pedicel (P), 
flagellomeres 1-10; 2. ventral view of 11 th male flagellomere with a majority of sensilla coeloconica I (arrows) 
and sensilla chaetica (C); 3. dorsal view of the same flagellomere; 4. ventral view of 16 th female flagellomere 
with sensilla coeloconica I (arrows), trichodea (T) and chaetica (C); 5-6. Rivetina baetica ; 5. ventral view of 19 th 
male flagellomere; 6. ventral view of 19 th female flagellomere; 7-8. Iris oratoria ; 7. ventral view of 23 rd male 
flagellomere; 8. ventral view of 23 rd female flagellomere; 9-13. sensilla coeloconica I; 9-10. M. religiosa female; 
11-12. R. baetica male; 13. /. oratoria female. 
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Sensilla 

Length 

Basal width 

Coeloconica I 

6.4 ±1.5 

1.4 ±0.3 

Coeloconica II 

1.1 ±0.3 

1.2 ±0.1 

Coeloconica III 

3.0 ±0.2 

2.4 ±0.3 

Basiconica 

5.5 ±0.4 

2.1 ±0.1 

Trichodea I 

36.7 ±5.6 

1.7 ±0.2 

Trichodea II 

21.4 ±2.3 

1.6 ±0.4 

Aporous chaetica 

108.7 ±9.5 

4.5 ± 1.6 

Uniporous chaetica 

32.4 ±4.1 

5.3 ± 0.9 


Table 1 - Length and basal width (in pm) of sensilla on an 
antennal flagellum in Mantis religiosa (mean +/- 
S.D.) 


in M. religiosa, they are absent on the 8 th flagellomere, 
but take up the distal half of the 9* flagellomere, the 
distal two thirds of the 10 th and the whole of the 11* 
flagellomere on which we counted 240 sensilla on the 
ventral face and 110 on the dorsal face (Figs. 2,3). The 
number of sensilla is still considerable on 3/5* s of the 
flagellum but diminishes on the most distal segments 
(Fig. 19). 

In males of all species, the MSC I are the most 
numerous sensilla (Table 2), and represent 89.3% (M 
religiosa), 85.7% ( R. baetica) and 73.4% (I. oratorio) 
of the total number of antennal sensilla (Figs. 2, 5, 
7). In females, their number which is reducedt in M. 
religiosa (12%), is much less so in R. baetica (51%) and 
I. oratorio (46%) (Figs. 4, 6, 8). 

2 - The multiporous sensilla coeloconica subtype II 
(MSC II) are dome-shaped pegs arising from the floor 
of a pit whose diameter of 5-6.6 pm is smaller than that 
of the MSC I (Fig. 14). The dome possesses an apical 
ecdysial pore and some grooves (Fig. 15). The wall pores 
are invisible in SEM. The sensilla which can easily be 
mistaken for MSC I, differ by their smaller but deeper 
pit; the sensillum dome does not rise above the surface 
of the antenna. They are present only on the distal half 
of the antenna, between 0 and 2 per flagellomere. They 
are mixed with the other sensilla on the distal part of 
the flagellmomere. Present in both sexes in the three 
species, the MSC II make up between 0.3 and 2.4% of 
the total number of sensilla. 

3 - The multiporous sensilla coeloconica subtype III 
(MSC III) are absent in R. baetica. In the two other 
species, they are situated in a pit whose diameter is 
4.1- 4.3 pm. They are the most difficult to identify: 


they possess the form of a roughly conic structure with 
a wall showing finger-like expansions (Fig. 16). They 
appear from the 32 nd flagellomere onwards in the male 
of Mantis religiosa, and from the 25* on in the female; 
from the 52 nd and the 68* respectively in the male and 
the female of I. oratorio. The MSC III are situated in 
the distal half of the flagellomeres and in zones largely 
free of sensilla; their distribution is very irregular. Their 
number is less than 1% (Table 2). 

4 - The multiporous sensilla basiconica (MSB) have 
only been observed in both sexes of I. oratorio which 
makes them difficult to distinguish from the sensilla 
coeloconica I. Their number is always limited, varying 
from 1 to 3% according to sex. In their form, they 
resemble on the whole the MSC I but they differ by 
the absence of grooves and by the presence of a few 
irregular striae towards the apex of the peg (Fig. 17). 
The whole of the wall is perforated by pores regularly 
spread out but more or less lined up near the apex. The 
pore density reaches about 56 pores/pm 2 (Fig. 18). The 
MSB are located in the distal half of the flagellomeres. 

5 - The multiporous sensilla trichodea subtype I (MST 

I) 

Two subtypes of sensilla trichodea can be distinguished 
in terms of length. The MST I are both more numerous 
and longer. They possess the form of a slightly curved 
hair whose length varies from 30 to 45 pm (Fig. 19). 
The wall is relatively thin (Fig. 21) and perforated with 
pores whose mean density is 26 pores/pm 2 (Fig. 20). 
They appear only from the 2 nd quarter of the antenna 
onwards and are present up to the apex (Fig. 10) in all 
the species. They are always more numerous in the 
apical quarter of each flagellomere. In R. baetica and 
M. religiosa, the MST I are two or three times more 
numerous in the females than in the males whereas the 
numbers are equivalent in I. oratorio (table 2). In the 
females of the three species, they make up from 26 to 
55% of the total number of antennal sensilla. 

6 - The multiporous sensilla trichodea subtype II 
(MST II) are half the length of the MST I and are curved 
at the base; their apex is blunt (Fig. 22). The wall pores 
are spread out with no apparent order at the sensillum 
base (Fig. 23) but are subsequently lined up along the 
rest of the sensilla (Fig. 24). The pore density which 
reaches 60 pores/pm 2 is identical to that of the sensilla 
basiconica. The MST II are spread out among the 
preceding sensilla over the whole of the flagellomeres. 
As for the subtype I, the subtype II of sensilla trichodea 
is numerically better represented in the females of M. 
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Mantis religiosa 

Rivetina baetica 

Iris oratoria 


Male 

Female 

Male 

Female 

Male 

Female 

Coeloconica I 

20360 

(89.3) 

730 

(12.5) 

15800 

(85.7) 

5200 

(51.1) 

3550 

(73.4) 

840 

(46.1) 

Coeloconica II 

65 

(0.3) 

59 

(1.0) 

80 

(0.4) 

73 

(0.8) 

55 

(1.2) 

45 

(2.4) 

Coeloconica III 

32 

(0.1) 

25 

(0.3) 

0 

0 

21 

(0.4) 

14 

(0.8) 

Basiconica 

0 

0 

0 

0 

64 

(1.3) 

57 

(3.2) 

Trichodea I 

990 

(4.4) 

3200 

(55.2) 

1580 

(8.6) 

3410 

(33.5) 

540 

(11.2) 

464 

(25.7) 

Trichodea II 

530 

(2.3) 

1630 

(28.1) 

475 

(2.6) 

1080 

(10.6) 

452 

(9.3) 

238 

(12.9) 

Aporous chaetica 

435 

(1.9) 

120 

(2.6) 

330 

(1.8) 

280 

(2.7) 

113 

(2.3) 

106 

(5.8) 

Uniporous chaetica 

390 

(1.7) 

22 

(0.3) 

170 

(0.9) 

130 

(1.3) 

48 

(0.9) 

56 

(3.1) 

Total 

22802 

5786 

18435 

10173 

4843 

1820 


Average numbers and percentages () 
of sensilla on a male and female an¬ 
tennal flagellum of Mantis religiosa, 
Rivetina baetica and Iris oratorio. 


religiosa and R. baetica whereas the contrary is the 
case in I. oratorio. The numbers of sensilla trichodea 
I and II are limited in males (7-20%) but very large 
in females (38-83%). With sensilla coeloconica I, the 
sensilla trichodea I and II constitute the majority of the 
antennal sensilla, respectively up to 96.0% and 95.8% 
(M religiosa), 96.9% and 95.2% (R. baetica ), 93.9% 
and 84.7% (I. oratorio) in the males and females. 

7 - The aporous sensilla chaetica (ASC) are the most 
easily identifiable sensilla, as well as the thickest 
and the longest of the antennae to which they give a 
bristly aspect. They have the shape of a sharp, rigid 
thorn with some twenty grooves but without pores, 
and articulated at the base (Figs. 25, 26). Their wall 
is thick and the sensillar channel is narrow (Fig. 26). 
Their maximum length varies according the species and 
sex: for the male and female respectively, it reaches 
95pm and 140 pm (M religiosa), 50 pm and 65 pm 
(R. baetica), 25 pm and 28 pm (I. oratorio). They are 
arranged perpendicularly with regard to the antenna in 
level with the first flagellomeres but subsequently they 
form an angle of 45° (Figs. 4, 6, 19). The ASC appear 
from the meriston, first one sensillum then two on the 
flagellomeres 2-9. In M. religiosa, it is only from the 10 th 


flagellomere that they form a distal circle of 6-8 sensilla 
which persists over most of the antenna (Fig. 25). Their 
distribution is less evident on the distal flagellomeres 
(Fig. 19). The number of sensilla is greater in the male 
than in the female of M. religiosa and R. baetica but is 
almost identical in both sexes of I. oratorio (Table 2). 

8 - The uniporous sensilla chaetica (USC) are difficult 
to distinguish from aporous sensilla chaetica. They do 
however differ by their position on the flagellomere, 
outside the circle of ASC (Fig. 27); by their shorter 
length (Fig. 28, Table 2); by a larger number of grooves 
(about thirty) and by the arrangement in herring-bone 
pattern of these grooves at the base of the sensillum 
(Fig. 29). A break at the base of the sensillum reveals 
a narrow circular cavity surrounded by the dendritic 
sheath, and a second, arc-shaped cavity partly obscured 
on the photo by cuticular material belonging to the wall 
(Fig. 30). Such a hair comprising two internal channels 
is characteristic of uniporous sensilla (Zacharuk, 
1980). The terminal pore is situated at the base of a 
semi-circular swelling of the cuticle (Fig. 31). The USC 
were identified in both sexes of the three mantids; they 
are rarer than the ASC and slightly more numerous in 
the males (Table 2). 
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9 - The aporous Bohm's sensilla (ABS) 

Aporous sensilla chaetica and sensilla campaniformia 
are the only sensilla on the scape and the pedicel. 
The most characteristic aporous sensilla chaetica are 
the Bohm’s sensilla which form groups in hair plates, 
located on the proximal parts of the scape (Fig. 32) and 


of the pedicel (Fig. 33, arrows). A hair plate is made 
up of 15-20 aporous sensilla chaetica, 17-33 pm long, 
and smooth-surfaced. Other longer aporous sensilla 
chaetica, 45-80 pm long, are scattered over both two 
segments. Some of them form a distal circle of about ten 
sensilla on the pedicel (Fig. 33). 



Antennal sensilla of Mantids. 14-16. Mantis religiosa female; 14-15. sensillum coeloconicum II with ecdysial 
pore (arrow); 16. sensillum coeloconicum III; 17-18. Iris oratoria male, sensillum basiconicum; 19. M 
religiosa female, apical flagellomere showing aporous sensilla chaetica (C), uniporous sensilla chaetica (white 
arrow), sensilla trichodea (T) and rare sensilla coeloconica I (black arrow); 20-21. 1. oratoria male, base and 
broken hair of sensillum trichodeum I; 22-24. Rivetina baetica male, sensillum trichodeum II, base, median part; 
25. M. religiosa male, aporous sensilla chaetica (arrow); 26. I. oratoria female, broken base of aporous sensillum 
chaeticum. 




























Figs 27-39. - Sensory and glandular structures of Mantids. 27-31. Rivetina baetica male; 27. uniporous sensillum chaeticum 
(arrow) on the 72 nd flagellomere; 28. uniporous sensillum chaeticum; 29. base; 30. break through the base 
showing cavities 1 and 2, and dendritic sheath (arrow); 31. terminal pore (arrow); 32-35. Mantis religiosa male; 
32-33. Bohm’s sensilla (arrows) and aporous sensilla chaetica (C) on the dorsal face of scape (S) and pedicel 
(P); 34-35. sensilla campaniformia on the distal part of pedicel (arrows), detail; 36-37. terminal vesicle of M. 
religiosa female; 38-39. terminal vesicle of M. religiosa male. 
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10 - The sensilla campaniformia (SC) are arranged 
in two close-set circles of about 20 sensilla each at the 
distal part of the pedicel (Fig. 34). Each sensillum, 11.4 
pm long and 7.4 pm wide, forms an oval dome whose 
principal axe is parallel to the longitudinal axe of the 
pedicel (Fig. 35). 


C - The vesicular apical structure 
A vesicular structure is present at the tip of the terminal 
flagellomere in antennae of both sexes of the three 
mantids (Figs. 36-39). Its crumpled appearance, 
probably due to the dehydration of the antenna, 
suggests that the vesicle has a thin wall that is very 
little sclerotized and that it normally contains a liquid. 
It is more or less extended on the preparations with 
SEM. When it is clearly retracted, it can be seen that it 
derives from a considerable depression in the apex of 
the antenna (Fig. 38). Contrary to the antennal cuticle 
which is formed of smooth scales, the cuticle of this 
vesicle is made up of papilla and finger-like expansions, 
and is sometimes pierced by pores 0.6 pm in diameter 
(Fig. 39). The basal diameter of the vesicle is of about 
50 pm in the female (Fig. 36) and 25 pm in the male of 
M. religiosa (Fig. 38). 

Discussion 

A - Comparison with other Mantids 

Ten sensillar types or subtypes have been described in 
the three Mantidae; this is two types more compared 
with O. maroccana (Faucheux, 2008). Two types, 
the multiporous sensilla coeloconica II and III, have 
never been mentioned in other mantids (Slifer, 1968; 
Faucheux , 2006b) and only rarely in other insects; 
they are always found in reduced numbers in the three 
species. Another essential difference is the presence of 
uniporous sensilla chaetica in the three Mantidae and 
their absence in O. maroccana. These sensilla had been 
revealed by Slifer (1968) in Tenodera sp. 

The number of sensillar types (6-8) described on 
the flagellum of the three Mantidae is significantly 
larger than that indicated by Holwell et al. (2007) 
in two other Mantodea. These authors mention 
only short and long «trichoid sensilla» (= sensilla 
chaetica according to Schneider, 1964 and Faucheux, 
1999) with a presumed mechanosensory or gustatory 
function in both sexes of Ciulfina biseriata (Westwood, 
1889) (Liturgusidae Liturgusinae) and females of 
Pseudomantis albofimbriata (StAl, 1860) (Mantidae 


Mantinae). Only the males of P albofimbriata possess 
in addition numerous « sensilla basiconica » analogous 
to the MSCI. The presence of these sensilla in the latter 
species belonging to the family of Mantidae, like our 
three species, shows that the MSC I are common to 
Mantidae Mantinae. Their absence in C. biseriata is 
perhaps related to its classification in another family. 
In our opinion, these mantids probably possess other 
sensillar types which have gone unnoticed because of 
their rarity. What is more, the absence of multiporous 
sensilla trichodea is surprising but the authors were not 
looking for pores on the sensilla of C. biseriata and P 
albofimbriata. 

The essential characteristic opposing Oxyothespis 
(Oxyothespinae) to Mantinae and Tarachodinae is the 
presence in that species of aporous sensilla filiformia 
(48% of antennal sensilla).These sensilla, which are 
vibration receptors, are useful in the small, vulnerable 
mantis to warn it of the arrival of a prey or a predator. 
They can also functionally replace the ears which are 
absent in Oxyothespis. On the other hand, the three 
Mantidae are provided with functional well developped 
ears and, being large species, are capable of defending 
themselves. In Essaouira (Morocco), we have had the 
occasion of observing an adult male of O. maroccana 
struggling with a juvenile of M. religiosa of the same 
length but twice as robust; the advantage was clearly 
in favour of the juvenile mantid. Thus, the antennal 
and the cereal sensilla filiformia (Faucheux, 2009b) 
warn O. maroccana of a danger, both from frontal and 
from behind. In the three Mantidae, only the cerci bear 
sensilla filiformia (pers. obs.). 

In the chapter «Results», we have frequently 
underlined the resemblances between M. religiosa 
and R. baetica (large number of sensilla, notable 
sexual dimorphism as regards the number of sensilla 
coeloconica subtype I, presence of sensilla basiconica) 
in contrast to I. oratorio (smaller number of sensilla), 
less visible sexual dimorphism of sensilla trichodea 
I and II). These differences could be justified by a 
recent classification of the Mantodea (Ehrmann, 2002) 
which leaves M. religiosa and R. baetica in the family 
of the Mantidae but isolates I. oratorio in that of the 
Tarachodidae. 

B - Morphological and physiological implications 

The MSC I have been called "multiporous sensilla 
basiconica subtype I" in O. maroccana (Faucheux, 
2008) and "sensilla coeloconica" in M. religiosa and S. 
viridis (Faucheux, 2005, 2006b). They would be better 
classified in the coeloconic type. Indeed, according to 
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Schneider (1964), sensilla coeloconica or « sensory 
pit pegs » are cones on the floor of depressions in the 
antennal cuticle and the cone’s wall appears fluted 
in cross section. Sensilla morphologically similar 
to MSC I, referred to as sensilla coeloconica, exist 
in the orthopterans Locusta migratoria (Linnaeus, 
1758) (Altner et al. 1981) and Schistocerca gregaria 
(ForskAl, 1775) (Ochieng et al., 1998). 

Certain MSC I of M religiosa resemble antennal 
grooved pegs described in culicine mosquitoes which 
are thick-walled, non-articulated pegs with 12 grooves 
in the wall and bearing one terminal pore. According to 
McIver (1974), although these grooved pegs have the 
structure commonly associated with contact chemo- 
receptors, they function exclusively in the reception 
of air-borne stimuli and therefore are olfactory 
receptors. Altner & Prillinger (1980) consider the 
grooved sensilla as double-walled sensilla to which 
a chemoreceptive function is assigned. The pores are 
not visible in SEM but slit-like pores forming redial 
channels are located in grooves and are visible in 
transmission electron microscopy (Hallberg, 1982). 

The abundance of the MSC I and the strong sexual 
dimorphism in the three species suggest that these 
sensilla are the major pheromone receptors in Mantidae. 
This fact is uncommon for, in insects, it is usually the 
sensilla trichodea which are the receptors of sexual 
pheromones. However, receptors of female odours are 
short basiconic sensilla in male cockroaches, which are 
closely related to mantids (Boeckh, 1984). 

For many mantids, it seems reasonable to assume 
that the majority of copulations begin during the day 
because finding, approaching, and mounting a female 
may involve a number of visual cues (Maxwell, 1999). 
However, Lawrence (1992) reported that male M. 
religiosa arrive at cages of females during the night; 
in this case, the males fly in search of females guided, 
presumably, by the pheromones. The first mantid sex 
pheromone has been identified by Hurd et al. (2004) 
who prepared a synthetic mixture of the pheromone 
compounds and found that males were both attracted 
to this mixture and stimulated to exhibit typical 
precopulatory behaviour. 

The interest for the males to possess a very large 
number of MSC I from the 10 th flagellomere on, 
is to offer them possibilities to encounter females, 
even if their antennae are partially amputated. The 
predominance of these sensilla, to the exclusion of other 
types in the proximal region of the antennae, may mean 
that their function is essential. 

One may ask what is the function of the MSC I in 
females, a function whose importance is limited in M 


religiosa (12%) but considerable in R. baetica (51%) 
and I. oratorio (46%). In Lepidoptera, whose sensilla 
trichodea possess the sex pheromone receptors, the 
trichoi'd sensilla of females responded to the female 
sex pheromone (Den Otter et al., 1978) but were 10- 
100 times less sensitive to sex attractants than those of 
males. The same situation is likely for the MSC I of 
mantids. 

The MSC II resemble "pit organs" present on the 
flagellum of a lamellicom beetle, which are thick- 
walled with a supposed dendritic shaft (Agren, 1985), 
as well as the "sensilla coeloconica without grooves" 
of L. migratoria (Altner et al., 1981) and "type II 
coeloconic" of Gryllus bimaculatus (Itoh et al., 1984) 
which are thermo-hygroreceptive sensilla. They are also 
close to the sensilla coeloconica types I and II of the 
imagines of odonats (Slifer & Sekhon, 1972; Faucheux, 
2009a). A hygroreceptive function is attributed to the 
latter sensilla (Rebora et al., 2006). The limited number 
of these sensilla in the three mantids is identical to 
the number of hygroreceptive sensilla in other insects 
(Faucheux, 1999). 

The MSC III are rare in the Higher Insecta only 
a few sensilla having been found on the antennae of 
the tineid moth Monopis crocicapitella (Clemens, 
1859) (Faucheux, 2006a). They are present in the 
odonat Brachythemis leucosticta (Faucheux, 2009a). 
A hygroreceptive function has been suggested for this 
type of sensillum coeloconicum (Rebora et al., 2006). 
However, the coexistence in M. religiosa of MSC II 
and MSC III, which have a very different aspect and, 
nevertheless, an identical function, does little to support 
this interpretation. 

The MSB resemble the "sensilla basiconica" of S. 
gregaria (Ochieng et al. 1998). Their pore density is 
superior to that observed on the sensilla basiconica 
of Lepidoptera where it varies from 30 to 40 pores/ 
pm 2 (Faucheux, 1999). In many insects, the sensilla 
basiconica are involved in the search for food and 
oviposition sites (Faucheux, 1999). According to 
Harmer & Shipley (1922) and Prete etal. (1992), when 
sufficiently deprived, at least two species of mantids ( T. 
sinensis and S. lineola) will eat fruit which apparently 
they identify by olfaction, and locate by olfaction, taste 
and vision. The sensilla basiconica of I. oratorio may be 
involved in this unusual search for food. 

The MST I and MST II are analogous to "sensilla 
trichodea" of S. gregaria (Ochieng et al., 1998). In 
accordance with their structure, multiporous sensilla 
trichodea are olfactory receptors (Zacharuk, 1985; 
Faucheux, 1999). According to species, these sensilla 
can be from two to twelve times more numerous in 
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females than in males; they must presumably be 
involved in other behaviour besides sexual behaviour. 
Thus, in field studies concerning M. religiosa, females 
were found to move as far as males during a given 
period of time, it was probably the search for prey 
and oviposition sites - not for males - that influenced 
movement by the females (Lawrence, 1992). If the 
MSC I perceive odours at a great distance, the other 
multiporous sensilla are involved in short distance 
perception. They can be sensitive to odours emitted 
by male or female glands (see below the role of the 
terminal vesicle). 

The ASC are mechanoreceptors conferring a tactile 
function to antennae (Zacharuk, 1985; Faucheux, 
1999). The presence of these sensilla along the whole 
length of the long antennae of the mantids up to the 
apex allows the latter to enter into physical contact from 
a long distance with their environment. It is possible 
that the antennal drumming that sometimes precedes 
prey capture conveys mechanosensory and/or olfactory 
cues to mantids (Prete, 1999). Previous to prey capture, 
the antennae, thanks to the sensilla chaetica, could help 
to determine the optimum mantid-prey distance for 
hitting and, consequently, to establish the relationship 
between this maximum distance and the length of the 
raptorial forelegs. 

The USC are gustative receptors (Zacharuk, 1985), 
which can intervene during sexual behaviour. When 
the partners are in contact with one another, the male 
of Tenedora sinensis Saussure, 1871 approaches the 
female, slowly and with vigorous antennal movements 
(Liske & Davis, 1987). When a male and a female of M 
religiosa meet to, it sometimes happens that the male’s 
antennae touch the one of the female and the latter 
responds in its turn with antennal contacts (pers. obs.). 
When the male mounts the female, it palps the female’s 
abdomen with its cerci and, simultaneously, the male’s 
antennae lash about the female’s head (Davis & Liske, 
1988). During this behaviour, the aporous sensilla 
chaetica and also the uniporous sensilla chaetica 
present on each flagellomere are stimulated. The latter 
thus receive gustatory information from the terminal 
vesicle. 

The ABS in insects functions as proprioceptors for 
the cephalic-scape and scape-pedicel joints. When the 
antennal position is changed, the sensilla are bent by 
the cuticle of the neighbouring segment and the head 
or by the joint membranes. The ASC are proprioceptors 
which detect stresses applied to the surface of the 
cuticle. Since the sensilla occur on the distal part of 
the pedicel, it is thought that they detect bending of the 
flagellum against the pedicel. 


C - Putative function of the terminal vesicle: 

The vesicular apical structure was pointed out by Slifer 
(1968) in both sexes of T. angustipennis; it is a soft, 
transparent, thin-walled bladder from 40 to 50 pm in 
length. When the antenna is placed in a dye, such as 
methylene blue or crystal violet, stain enters through the 
bladder. But the author has been unable to determine 
whether the vesicle is truly permeable or whether the 
dye has entered through abraded spots in the thin wall. 
Our observations show that this vesicle is perforated 
and that it can release the secretion it contains. 

Earlier observations by Roeder (1935) show that the 
tips of the antennae in both sexes of M. religiosa may 
touch lightly the prey before it is seized and that the 
male touches the female’s wings with his antennae when 
close to her. Gurney (1950) also says that the prey may 
be touched by the antennae of mantids before seizure. 
During mating, the male intermittently flagellates the 
female’s head with his antennae (Roeder, 1963). Thus, 
when predation and pre-copulatory behaviour take 
place, the vesicle enters into contact with the prey or the 
partner. The aspect of the vesicle in SEM reveals that it 
may be distorted by contact. In certain hymenopteran 
insects, marking pheromones allow males to mark the 
females and to reduce the attractiveness of the latter by 
other males (Velthuis & Camargo, 1975). The antennal 
terminal vesicle of mantids may contain a marking 
substance which during contact could be secreted by 
the pores of the vesicle. This substance could mark 
the prey, which would prevent the covetousness of a 
con-specific, or impregnate the sexual partner, which 
would repulse other suitors (the other males may be 
repelled by secretion deposited by a first male). Indeed, 
males of other insects are known to release pheromone 
repellent to intrasexuals during close range intra- or 
intersexual encounters (Prokopy et ail., 1984). Thus, a 
male armyworm moth, when courting a female, releases 
a pheromone which not only has an aphrodisiac effect 
upon the female, but may inhibit the approach and 
courtship activity of other con-specific males (Hirai, 
1982). 

The existence of a terminal vesicle in females is 
more difficult to explain. However, Liske & Davis 
(1987) reported in the mantid, T. sinensis, a behaviour 
that has not been described in other species. A few 
females approached males and touched them with 
their antennae before the males attempted to mount 
them. Slifer (1968), who has also studied this species, 
makes it clear that no important differences were found 
between the antennae of T. angustipennis and that of T. 
sinensis. One may therefore suppose that the latter also 
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possesses the terminal vesicle whose secretion marks 
the male. If such behaviour exists in our three species, 
the secretion would allow two con-specific partners to 
recognise each other. The impregnated male would be 
recognised by the other females of the same species or 
of a different one and would not be accepted by them. 

According to Slifer (1968), the vesicle may serve 
as part of a mechanoreceptor system. Our present 
understanding of the mechano-receptive organs in 
insects does not allow us to retain this hypothesis. 
Besides, this author finds a resemblance between the 
vesicle of the mantid I angustipennis and a two-parted 
structure present at the distal end of the antenna of the 
mosquito Aedes aegypti (Linnaeus, 1762) (Slifer & 
Sekhon, 1962). In fact, this latter structure is composed 
of two sensilla coeloconica borne by a terminal 
extension of the antenna which hardly resembles the 
vesicle of mantids (McIver, 1973). The presence of the 
terminal vesicle in several genera of Mantids ( Tenodera , 
Mantis, Iris, Rivetina) leads one to suppose that this is 
frequent in the Mantodea. 


Acknowledgements 

We wish to acknowledge the courtesy of Professor Roger Roy, 
Laboratory of Entomology of the Natural National History Museum, 
Paris, for determining the species of mantids and for critical review 
of the manuscript. We are indebted to M. Pierre Watelet, Director of 
Museum of Natural History of Nantes, France, for facilitating use of 
SEM; M. Nicolas Stephant (Centre of SEM, University of Nantes); 
Mrs Catherine Ake for their help with the photography, and M. 
Vittorio Ballardini for technical assistance. 


References 

Agren, L., 1985. Architecture of a lamellicom flagellum 
(Phyllopertha horticola, Scarabaeidae, Coleoptera, Insecta). 
Journal of Morphology, 186: 85-94. 

Altner, H. & Prillinger, L., 1980. Ultrastructure of 
inverterate chemo-, thermo-, and hygroreceptors and its 
functional significance. International Review of Cytology, 
67: 69-139. 

Altner, H., Routil, C. & Loftus, R., 1981. The structure of 
bimodal chemo-, thermo-, and hygroreceptive sensilla on the 
antenna of Locusta migratoria. Cell and Tissue Research, 
215:289-308. 

Boeckh, J., 1984. Neurophysiological aspects of insect 
olfaction. In: Lewis, T. (Editor), Insect Communication, New 
York: Academic Press, pp. 83-194. 

Campbell, F.L. & Priestley, J.D., 1970. Flagellar annuli of 
Blattella germanica (Dictyoptera: Blattellidae). Changes 


in their numbers and dimensions during postembryonic 
development. Annals of the Entomological Society of 
America 63: 81-88. 

Crane, J., 1952. A comparative study of innate defensive 
behavior in Trinidad mantids (Orthoptera, Mantoidea). 
Zoologica, Scientific Contributions of the New York 
Zoological Society , 37: 259-294. 

Davis, W.J. & Liske, E., 1988. Cerci mediate mating 
movements in the male praying mantis. Zoologisches 
Jahrbiicher Physiology, 92: 47-55. 

Den Otter, C.J., Schuil, H.A. & Sander-van Oosten, 
A., 1978. Reception of host-plant odours and female sex 
pheromone in Adoxophyes orana (Lepidoptera: Tortricidae): 
electrophysiology and morphology. Entomologia 
Experimentalis Applicata, 24: 370-378. 

Ehrmann, R., 2002. Mantodea: Gottesanbeterimen der Welt. 
Natur und Tier, Munster. 

Faucheux, M.J., 1999. Biodiversite et unite des organes 
sensoriels chez les Insectes Lepidopteres. Societe des 
Sciences Naturelles de l’Ouest de la France (editeur), 296 p. 

Faucheux, M.J., 2005. Chimiorecepteurs antennaires chez le 
male de la Mante religieuse, Mantis religiosa (Linne, 1758) 
(Mantoptera). Bulletin de la Societe des Sciences Naturelles 
deb TOuest de la France (n.s.), 27: p. 130. 

Faucheux, M.J., 2006a. Sensille enigmatique sur l’antenne 
de la Mite des poulaillers Monopis crocicapitella Clemens 
(Lepidoptera: Tineidae). Bulletin de la Societe des Sciences 
Naturelles de VOuestde la France (n.s.), 28: 29-31. 

Faucheux, M.J., 2006b. La mante religieuse, Sphodromantis 
viridis occidentalis (Werner, 1906) (Dictyoptera: Mantodea: 
Mantidae): prospections dans le Sud Marocain, etude des 
sensilles antennaires de la femelle. Bulletin de la Societe des 
Sciences Naturelles de VOuest de la France (n.s.), 28: 104- 
108. 

Faucheux, M.J., 2008. Antennal sensilla of the male 
praying mantid, Oxyothespis maroccana Bolivar, 1908 
(Insecta: Mantodea: Mantidae): distribution and functional 
implications. Bulletin de l Tnstitut Scientifique, Rabat, section 
Sciences de la Vie-, 30: 29-36. 

Faucheux, M.J., 2009a. Sensilles antennaires de l’imago 
de Brachythemis leucosticta Brumeister, 1839 (Odonata, 
Anisoptera, Libellulidae), Martinia 25: 40-48. 

Faucheux, M.J., 2009b. Styles, cerques et sensilles associ6es 
de la mante marocaine, Oxyothespis maroccana Bolivar 1908 
(Insecta: Mantododea: Mantidae). Bulletin de la Societe des 
Sciences Naturelles de VOuest de la France (n.s.), 31: in 
press. 

Gurney, A.B., 1950. Praying mantids of the United States: 
Native and introduced. Smithsonian Reprints for 1950, 
Washington, D.C., p. 339-362. 

Hallberg, E., 1982. Sensory organs in Ips typographus 


242 


M J. FAUCHEUX 


(Insecta: Coleoptera). Fine structure of antennal sensilla. 
Protoplasma, 111: 206-214. 

Harmer, S.F. & Shipley, A.E., 1922. The Cambridge natural 
history, vol. 5, London: Macmillan. 

Hirai, K., 1982. Directional flow of male scent released by 
Pseudaletia separata Walker and its repellent effect on adults 
and larvae of four noctuid and one phycitine moths. Journal 
of Chemical Ecology, 8: 1263-1270. 

Holwell, G., Barry, K. & Herberstein, M.E., 2007. Mate 
location, antennal morphology and ecology in two praying 
mantids (Insecta: Mantodea ). Biological Journal of the 
Linnean Society , 91: 307-313. 

Hurd, L.E., Prete, F.R., Jones, T.H., Singh, T.B., Co, J.E. 
& Portman, R.T., 2004. First identification of a putative 
sex pheromone in a Praying Mantid. Journal of Chemical 
Ecology , 30: 155-166. 

Itoh, T., Yokohari, F. & Tominaga, Y., 1984. Two types of 
antennal hygro- and thermoreceptive sensilla of the cricket, 
Gryllus bimaculatus (de Geer). Zoological Science , 1: 533- 
543. 

Lawrence, S.E., 1992. Sexual cannibalism in the praying 
mantid, Mantis religiosa : a field study. Animal Behaviour, 
43: 569-583. 

Liske, E. & Davis, W.J., 1987. Courtship and mating 
behaviour of the Chinese praying mantis, Tenodera aridifolia 
sinensis. Animal Behaviour, 35: 1524-1537. 

Maxwell, M.R., 1999. Mating Behavior. In: Prete, F.R., 
Wells, H., Wells, P.H. & Hurd L.E. (Eds), The Praying 
Mantids. The Johns Hopkins University Press, Baltimore and 
London, pp. 69-89. 

McIver, S.B., 1973. Fine structure of antennal sensilla 
coeloconica of culicine mosquitoes. Tissue & Cell, 5: 105- 
112 . 

McIver, S.B, 1974. Fine structure of antennal grooved pegs 
of the mosquito, Aedes aegypti . Cell and Tissue Research, 
153:327-337. 

Ochieng, S.A., Hallberg, E. & Hansson, B.S., 1998. Fine 
structure and distribution of antennal sensilla of the desert 
locust, Schistocerca gregaria (Orthoptera: Acrididae). Cell 
and Tissue Research, 291: 525-536. 

Prete, F.R., 1999. Prey recognition. In: Prete, F.R., Wells, 
H., Wells, PH. & Hurd L.E. (Eds), The Praying Mantids. 
The Johns Hopkins University Press, Baltimore and London, 
pp. 141-179. 

Prete, F.R., Lum, H. & Grossman, S.P., 1992. Non-predatory 
ingestive behaviors of the praying mantids Tenodera aridifolia 
sinensis (Sauss.) and Sphodromantis lineola (Burm.). Brain 
Behavior, 39: 124-132. 

Prokopy, R.J., Roitberg, B.D. & Averill, A.L., 1984. 
Resource partitioning. In: Bell, W.J. & Carde, R.T. (Eds), 


Chemical Ecology of Insects. Chapman and Hall Ltd, pp. 
301-330. 

Rebora, M., Pdersanti, S., Salerno, G. & Gaino, E., 2006. 
Water deprivation tolerance and humidity response in a larval 
dragon fly: a possible adaptation for survival in drying ponds. 
Physiological Entomology, 1-6. 

Robinson, M.H. & Robinson, B., 1979. By dawn’s early light: 
Matutinal mating and sex attractants in a neotropical mantid. 
Science, 205: 825-827. 

Roeder, K.D.,1935. An experimental analysis of the sexual 
behavior of the praying mantis ( Mantis religiosa L.). 
Biological Bulletin, 69: 203-220. 

Roeder, K.D.,1963. Nerve cells and insect behavior. Harvard 
University Press, Cambridge, p. 188. 

Schneider, D., 1964. Insect antennae. Annual Review of 
Entomology, 9: 103-122. 

Slifer, E.H., 1968. Sense organs on the antennal flagellum of 
a praying mantis, Tenodera angustipennis, and of two related 
species (Mantodea). Journal of Morphology, 124: 105-116. 

Slifer, E.H. & Sekhon, S.S., 1972. Sense organs on the 
antennal flagella of damselflies and dragonflies (Odonata). 
International Journal of Insect Morphology and Embryology, 
1:289-300. 

Van der Pers, J.N.C. & Den Otter, C.J., 1978. Single cell 
responses from olfactory receptors of small ermine moths to 
sex-attractants. Journal of Insect Physiology, 24: 337-343. 

Velthuis, H.H.W. & Camargo, J.M.F., 1975. Further 
observations on the function of male territories in the 
carpenter bee Xylocopa (Neoxylocopa) hirsutissima Maidl. 
(Anthophoridae, Hymenoptera). Netherland Jouirnal of 
Zoology, 25: 516-528. 

Zacharuk, R.Y., 1985. Antennae and sensilla. In: Kerkut, 
G.A. & Gilbert, L.I. (Editors), Comprehensive Insect 
Physiology, Biochemistry and Pharmacology (Vol. 6), 
Pergamon Press, Oxford, pp. 1-69. 


Michel J. Faucheux 

Laboratoire d’Endocrinologie des Insectes Sociaux 
Universite de Nantes 
2 rue de la Houssiniere 
B.P. 92208 

F - 44322 Nantes Cedex 03 
France 

e-mail: faucheux.michel@free.fr 

Museum d’Histoire Naturelle 
12 rue Voltaire 
F - 44000 Nantes 
France 



